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Propylene Oxide Producers Look for 
Ways To Counter Sluggish Market 

• Process improvements 
may tower production 
costs, but overcapacity 
threatens as new plants, 
producers enter business 

Susan J. Ainsworth, C&EN Houston 

T •^he U.S. propylene oxide market is 
experiencing some serious grow
ing pains, and producers are ac

tively taldng precautions to ensure that 
their businesses remain healthy. The in
dustry is seeing new technologies that 
may lower the cost of production, but at 
the same time, new producers and 
plants are contributing to the possibility 
of capacity vastly outstripping demand 
during the mid- to late-1990s. 

Arco Chemical, with the 
newest plant, is probably 
studying these changes as in
tensely as anyone in the chem
ical industry. Sometime in the 
third quarter of this year, the 
company plans to start up a 
world-scale plant to produce 
both propylene oxide and sty-
rene via the ethylbenzene per
oxidation process at its Chan-
nelview, Tex., complex. The 
plant will have capacity to 
produce 500 million lb of pro
pylene oxide and 1.13 billion 
lb of styrene annually. 

For many, years Arco Chem
ical and Dow Chemical have 
shared the propylene oxide 
market in the U.S. exclusively, 
each claiming about half of the 
business. The chemical is used 
primarily to make urethane 
polyols and propylene glycol. 
But last June, Texaco Chemical 
announced its intent to enter 
the market as a third producer, 
v\ith a new plant to produce 
propylene oxide and methyl 

ferf-butyl ether fMTBE) coproducts us
ing the isobutane peroxidation process 
to go on stream in early 1994. 

In addition, Dow Chemical is consid
ering using lime iristead of caustic soda 
in its chlorohydrin process for making 
propylene oxide. This likely would im
prove its cost position and free up a sig
nificant amount of its caustic for mer
chant sales. Another factor making the 
U.S. propylene oxide market less friend
ly is the recession, which has deflated 
demand for propylene oxide and some 
of its coproducts, such as styrene, and 
for end-use products such as flexible and 
rigid foams for furniture and auto seats. 

Although unfavorable market condi
tions and increased competition may 
have a negative effect on all U5. propyl
ene oxide producers, Arco Chemical and 
some industry observers believe that the 
company is best positioned to meet 

Crane lifts concentrator drum into place at Arco Chemical's 
Channelvieio, Tex., propylene oxide unit 

these challenges. That's because the 
company has the best cost position, a 
wealth of experience in operating pro
pylene oxide plants, and equity partners 
to ease the burden of its coproduct sty
rene business. 

It is tough for anyone to predict when 
propylene oxide demand will rebound. 
The market for propylene oxide is close
ly tied to the gross national product be
cause it goes toward the prcxluction of 
"big-ticket consumer items such as auto
mobiles and home furnishings," says 
Ronald L Gist, a senior consultant at 
Pace Consultants in Houstoa 

Growth in propylene oxide may be 
buoyed by growth in demand for two 
key end uses—urethane polyols, which 
are used to make both flexible and rigid 
urethane foams used in automobiles, 
furniture, and bedding products; and 
propylene glycol, used in the production 

of unsaturated polyester resins 
for reinforced plastics, humec-
tants for tobacco and food 
products, and for solvents 
used in the cosmetics industry. 

"When the economy grows 
fairly robustly, propylene ox
ide grows a little faster than 
the economy," Gist says. On 
the other hand, "when there is 
a downturn, big-ticket items 
drop lower on a consumer's 
priority list, and propylene ox
ide grows slower than the 
GNP," he adds. Gist estimates 
that propylene oxide demand 
in the US dropped less than 
1% in 1991, but that it will 
grow about 15% between 1991 
and 1992 aiKl 2.6% per year in 
the mid-1990s. 

Arco Chenaical's forecast is 
brighter. From now through 
the mid-1990s, the company 
expects use of propylene oxide 
to grow 4% per year and that 
of styrene 3% per year in the 
U.S. Worldwide, the company 
predicts that propylene oxide 
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per year through the middle of this de
cade. 

Still, increases in consumption of pro
pylene oxide probably won't compen
sate for the planned jump in production. 
Propylene oxide operating rates in the 
U.S. are now holding at about 857c, but 
that will likely drop to roughly 65 to 
70^^: in 1994 when Tcxaco's capacity 
comes on stream, says Michael Horvath 
Jr., a petrochemical consultant with Pet-
rocon Associates in Houston. "There is 
absolutely not enough room for another 
plant in tlris market right now." 

Indeed, the market has changed sig
nificantly since Arco Chemical broke 
ground for its plant in June 1990. "The 
lead time it takes to start up a plant of 
this size is tremendous," says Joseph T. 
Lee, manager for projects and develop
ment at Arco Chemical. "Our first au
thorization for spending was back in 
1988 when the market was robust, de
mand was strong, and everybody in the 
industry was operating near capacity." 

When Arco Chemical decided to build 
the new plant, it considered two in-
house peroxidation routes to propylene 
oxide. One starts with isobutane and 
gives a ferf-butyl alcohol (TBA) coprod-
uct, which can be converted to the gaso
line additive M l BE. The other route, 
which the company eventually decided 
on, starts with ethylbenzene and pro
duces coproducts propylene oxide and 
a-methylbenzyl alcohol, which can be 
dehydrated to styrene. Arco Chemical 
says it was not easy to decide between 
the two processes. Unfortunately, it is 
not technically feasible to operate a pro
pylene oxide plant on a swing basis such 
that either of the two coproducts can be 
produced to satisfy demand fluctua
tions. "We thought both were relatively 
good investments," recalls Lee. 

Arco Chemical chose the propylene 
oxide/styrene process because it would 
give it a better coproduct balance for sty
rene and MTBE in its worldwide mar
ket, says Lee. All of its European propyl
ene oxide operations and two thirds of 
its US. propylene oxide operations are 
MTBE-bas^. The company did not 
want to be "weighted on that one tech
nology" too heavily, he adds. On the 
other hand, "we th^ that styrene is a 
viable long-term business, and we are 
well positioned to operate within it" 

Since those big decisioirs were made, 
"we've had to try to forecast where the 
industry and the overall economy were 
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"anticipated a recovery some time in 
1991 and it did not materialize." 

N'exertheless, the company maintains 
that its investment in the new plant was 
necessary to position itself to meet its 
customers' needs into the future. 
'There's always going to be sisings up 
and down (in demand!, but we have a 
responsibility to our customers to guar
antee that we can get materials to them," 
Lee says. 

Horvath says that although lower 
operating rates will hurt all three pro
pylene oxide producers, Arco Chemical 
will likely weather the storm best. Lee 
says, "We think the new Channelview 
unit wiU have the best [ratio of] capital 
per pound of product produced for this 
technology. It will probably be the 
most energy efficient plant of any of 
the propylene oxide-styrene units we 
have built. And because this is our 
newest plant, it is, environmentally, the 
tightest plant we have built." 

Experience in building and operating 
propylene oxide plants is one factor that 
Arco Chemical has on its side. The com
pany has been producing propylene ox
ide via the peroxidation process since 
the late 1960s, when it built its first such 
plant at Bayport, Tex. It has since fine-
tuned its te^ology while building each 
of its nine propylene oxide plants 
around the world. 

'There have been a lot of changes in 
just physical equipment alone," says 
Donald P. Myky^uk, director of proj^ 
management at Arco Chemical. Proc^ 
improvements have evolved over time 
and with each new plant, and the older 
slants have been retrofitted to continual-
y bring them up to date. 

The construction strategy for the new 
plant involved off-site fabrication when
ever possible to cut costs, says construc
tion manager John T. Casey. For in
stance, Arco Chemical had two oxidizers 

plant site, notes Mykvtiuk, It abxi modu-
Lirized the pipe racks for the plant and 
brought the units in by truck and barge. 

With the expertise and technology im
provements that Arco Chemical has 
honed over the years, "we now can get 
superior yields and efficient production 
out of smaller pieces of equipment," 
says Terry L. Stierman, techi^cal super
intendent at the new plant. "We've 
learned how to spend less capital but 
still get the best cost efficiency, energy 
efficiency, and yield efficiencies com
pared with any of Arco Chemical's pre
viously buHt plants, all while maintain
ing high quality," he says. 

Texaco also may have an edge in the 
marketplace by virtue of its peroxida
tion technology. When the company's 
propylene oxide and TBA facility in 
Port Neches, Tex., starts up in early 
1994, it will enable Texaco to produce 
400 million lb per year of propylene ox
ide and increase MTBE production 
from its current 4500 barrels per day to 
19,500 bbl per day at Port Neches. 

Now that Arco Chemical's basic pat
ents on its peroxidation process have ex
pired, some question whether Texaco's 
process is borrowed. A Texaco spokes
man confirms that the company is em
ploying a p)eroxidation process that 
yields propylene oxide and TBA coprod
ucts, a process that in basic terms has 
long been used by Arco Chemical and 
other companies outside the U5. But he 
adds that the process is "not identical to 
anyone else's process. It is our own pro-
metary process." Ralph S. Cunning-
lam, Texaco Chemical president, says, 

"This project has additional importance 
because it uses technology that originat
ed at Texaco Chemical's Austin [Texas] 
Research Laboratory. It is an example of 
developing proprietary technology to 
expand the company's product line" 

The expiration of basic patents on 

Three firms will share U.S. market for propylene oxide 
Annual capacity 

Location (mMlonsolb) process 

Arco Chemical Bayport, Tex. 1213 Peroxidation (isobutane) 
Channelview. Tex. IIOO* Peroxidation (ethylbenzene) 

Dow Chemical Freeport, Tex. 1100 Chlorohydrin 
Plaquemine, La. 450 Chlorohydrin 

Texaco Chemical Port Neches, Tex. 400^ Peroxidation (isotmtane) 
( CX this capacity. 500 maon b is slated to cunia on stream with a new unit in third.quartec 1992. b Stated to start up in 
firstdjuartai 1994. 
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Arco Chemical's peroxidation process 
does not necessarily open the market up 
to all comers. Arco Chemical does not 
doubt that Texaco has done its own de
velopment work. The know-how neces
sary to operate a propylene oxide plant 
"goes way beyond what we put in a 
patent," says Lee. Taking technology 
from bench scale to commercial scale is 
complex, he adds, "and there are many 
safety and operating issues that you 
don't learn overnight. Anyone in an 
oxidation business can tell you that 
mixing hydrocarbons and oxygen is 
not without some inherent risk. With a 
number of years of operating experi
ence, we have become more know
ledgeable about how to operate. Be
sides, it is not a cheap technology to get 
into. I think that's one of the reasons 
we have held the position we have for 
a number of years." 

Dow is likely to be hardest hit by the 
flood of new propylene oxide capacity, 
maiivly because the processes by 
Arco Chemical and the new Texaco 
plant provide significant cost advantages 
when the primary products, styrene and 
TBA, enjoy strong demand and pricing, 
says Petrocon's Horvath. "One major 

factor that may have influenced Texaco's 
decision to use the TBA process is the 
magnitude of the gasoline market, 
which will easily consume all of its TBA 
in making MTBE So, propylene oxide 
may or may not be the driving force be
hind the new plants." By taking a cau
tious approach and iKit opting to add 
another propylene oxide plant, Dow will 
be in an awkward position in the near 
future, he says. "There's no room for an
other propylene oxide plant and there 
won't be for a long time uiUess Dow de
velops some breakthrough technology 
or replaces current chlorohydrln tech
nology with a competitive peroxidation 
process." 

Dow disagrees. David Naessens, 
product manager for polyurethane 
chemicals at Dow Plastics in Midland, 
Mich., says: "We don't see oirrselves be
ing at a great disadvantage. We obvious
ly have done a lot of work looking at 
both of Arco Qiemical's processes, and 
our conclusion is that after all of the de
preciation of our plants, we are indeed 
competitive." In addition, he says, "un
like Arco Qiemical and Texaco, we are 
not encumbered by coproducts. We run 
for propylene oxide economics alone." 

Another plus on Dew's side 
is that the majority of the pro
pylene oxide Dow makes is 
used internally. Texaco and 
Arco Chemical, he says, will 
have to rely more on merchant 
market sales. 'Therefore, we 
will be running our plants at a 
higher rate of capacity." And 
he says Dow has not lost its 
chance to add capacity. Just last 
summer, Dow brought on a 
200 million-lb-per-year expan
sion at Freeport and "we have 
another 400 million lb incre
ment available to us there that 
we will bring on as the supply 
and demand balance dictates." 

If Dow does modify its U.S. 
chlorohydrin process plants to 
use lime instead of caustic 
soda, the company will be 
more competitive with Arco 
Chemical on a cost basis, Hor
vath concedes. Lime, at rough
ly $50 per ton, is cost-effective 
compared with caustic soda, 
which trades at about $220 per 
ton. And the switch to lime 
would allow Dow to free up a 
significant amount of caustic 
sola to supply to merchant 

buyers without having to increase co-
product chlorine production. 

Making the switch even more attrac
tive, Dow is capable of producing its 
own lime. "Dow uses a lot of calcium 
carbonate and calcium chloride from sea 
shells in its magnesium process and it is 
very easy to convert calcium carbonate 
to calcium oxide, which is lime," Hor
vath adds. "In fact, Dow has drying fur
naces at Freeport" that it can use to roast 
calcium carbonate limestone until all the 
carbon dioxide is driven off to make 
commercial calcium oxide, also known 
as caustic lime. "So it would be very 
easy for Dow to use that in a chlorohy
drin process," Horvath conjectures. Naes
sens says that Dow has not yet decided 
to go with a lime process and that if it 
did, the company has many options for 
obtaining lime—and making its own is 
just one. 

The switch is technically feasible; 
Dow already has propylene oxide facil
ities in Brazil and in Europe that use 
lime. What the company does have to 
ponder is the cost of converting its pro
pylene oxide facilities at Freeport and 
Plaquemine, La., which would be con
siderable. The Freeport unit has pro-
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5ylene oxide capacity for about 1.10 
million lb per year and the Piaquemine 
facility is rat^ at 450 million lb per 
year. "The earliest we would make a 
decision to implement the lime process 
would be around 1995 or 1996, and it 
will depend on the economics of pro
pylene oxide, caustic, lime, and Dow 
Chemical as a whole," Naessens adds. 

Using lime "is a very interesting way 
for Dow to use its basic raw material po
sition to help its overall profitability and 
make it more competitive with Arco 
Chemical," adds Horvath. 

Arco Chemical, like the other produc
ers of propylene oxide in the U.S., wants 
to be well positioned to take advantage 
of increased demand for propylene ox
ide when the economy finally does re
cover, which Gist expects will happen in 
1992. Arco Chemicai anticipates the re
cession will end and that consumption 
of propylene oxide will rebound. The cy
clical forces that brought demand for 
these products down also will turn back 
up for companies that provide materials 
to the automotive and housing indus
tries, the company believes. 

Some of the propylene oxide from the 
new propylene oxide-styrene unit will 
be channeled toward supplying the ure-
thane polyols business that Arco Chemi
cal bought from Union Carbide in Sep
tember 1991. The company was a major 
supplier to Carbide before the purchase. 
In addition, Arco Chemical says, it may 
tap the new plant to supply the 225 mil-
lion-Ib-per-year polyols plant at Chan-
nelview. 

A part of the new capacity also may 
be to supply growing outlets for 
propylene glycol. For example, some 
uses for ethylene glycol antifreeze have 
been converted to products based on 
propylene glycol, which has a lower tox
icity profile. Ingestion of ethylene-glycol-
ba^ antifreeze is a commonly reported 
cause of poisoning in children and pets. 
Arco Chemical has very active programs 
both in the U5. and in Europe to market 
propylene glycol to antifre^ formula-
tois. In addition, it is touting propylene 
glycol's safety and environmental ad
vantages over ethylene glycol in the de-
iceis market Aircraft deicing fluids have 
been based principally on tWs glycol, but 
now it has been listed as a haz^ous air 
pollutant and the Qean Air Act has put 
pressure on airlines to find a substitute, 
says Lee. Arco Chemical has a propy-
lene-glycol-based product for this end 
use, too. "We exp^ that both the air-

aaft deicing and antifreeze markets will 
give us significant new business and 
contribute to propylene oxide demand." 

Arco Chemical is also involved in 
developing a number of other end uses 
for propylene oxide, including new de
rivative markets, says a spokesman. 
One example: the company's recent en
try into the butanediol market. "We 
think that we are positioned to do that. 
We have the propylene oxide supply, 
we have the derixative capacity." 

As for the coproduct styrene, "there 
will be factors that will affect how much 
styrene we produce." Principally, it will 
depend on demand for both propylene 
oxide and styrene. Arco Chemical can 
afford to be less concerned about that 
business. It has reduced its exposure to 
cyclicality in the styrene merchant mar
ket by signing on "equity partners" that 
have committed to a "significant portion 
of the styrene capacity of the new plant," 
says a spokesman. These unnamed part
ners vrill provide raw materials and pay 
their share of the plant operating costs, 
while not directly participating in the 
operation of the plant. 

Arco Chemical believes, too, that the 
billion pounds of capacity for styrene 
that it is adding is oidy a small part of 
the world market for styrene, which to
tals 35 billion lb. "So in time (that ca
pacity] will be absorbed by the demand 
in the marketplace," says Lee. 

The export market is another viable 
outlet for Arco Chemical's propylene ox
ide and styrene. The company's world
wide production system allows it to take 
material from one location to another to 
meet demand until a new plant is built 
in that region. Given the cost involved in 
building one of these units, says Lee, 
"we don't want to make this investment 
all that often. So the flow of materials 
worldwide is something that we contin
ually optimize." 

Anx) Chemical seems confident that 
its new plant, with its safety, environ
mental, and operating improvements, 
will be well equipped to meet the 
many market challenges it will face 
when it goes on stream later this year. 
Says Lee: "We have engineered and 
improved things incrementally over 
the past 25 years to the point where we 
have the most efficient system. There's 
no home run breakthrough in technol
ogy here, but I guess we've won the 
;ame by way of singles year after year 
that were] accomplished by constantly 

improving our process." • 

t 
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Top 50 Chemicals Production 
Stagnated Last Year 

• Although output was 
virtually unchanged from 
1990, organics production 
moved up 3% while that of 
inorganics declined 1% 
Marc S. Reisch, 
C&EN Northeast News Bureau 

The economic slowdown finally 
caught up with chemical pro
ducers in 1991. Chemical export 

growth was not enough to counter the 
lag in most industrial markets or 
to help push U.S. chemical production 
to new heights in 1991, as it did in 
1990. 

According to C&EN's annual rank

ing of the 50 largest voliune chemical 
products, total production in that 
group was virtually unchanged in 1991 
from 1990. Production stagnated at the 
633 billion-lb level registered the year 
before, which had been a good year. In 
1990, production of the Top 50 rose 2% 
over 1989. 

The Federal Reserve Board's data for 
1991 also portray a commodity chemi
cal slowdown. The Federal Reserve's 
seasonally adjusted indexes for basic 
and industrial chemical production in
creased less than 1%, respectively, be
tween December 1990 and December 
1991. And just as C&EN's Top 50 
showed production gains in 1990 com
pared with 1989, Federal Reserve data 
indicate that between December 1989 
and December 1990 seasonally adjust
ed basic and industrial chemical pro

duction increased (7% and 3%, respec
tively). 

A year such as 1991 demonstrates 
just how much the cycle for commodi
ty chemicals differs from that for other 
dremicals—for instance, specialty and 
pharmaceutical chemicals. These two 
categories are not included among 
C&EN's Top 50. However, the Federal 
Reserve's seasonally adjusted indexes 
show high-value pharmaceutical chem
icals production rose almost 10% be
tween December 1990 and December 
1991. And plastic materials production, 
for instance, increased 5% during the 
same period. 

Although the Top 50 in some ways 
reflects the general slowdown in busi
ness and the economy, commodity 
chemicals production is more a lagging 
indicator of economic conditions like 

About the Top 50 list of chemical products 
Government data, trade association 
figures, and industry estimates all go 
into preparing C&EN's annual list of 
the Top 50 chemical products, ranked 
by production volume. The federal 
jovernment is relied upon most 
leavily, but when govenunent fig
ures are not available, other sources, 
primarily trade associations, are 
used. Industry sources and C&EN es
timates are used only when other 
data are lacking. 

Government data are not always 
accurate—they are only as good as 
the information that individual com
panies report. But they are an objec
tive measure of production extending 
back many years. Therefore, relative
ly accurate indications of growth can 
be made on a consistent basis. 

At this time of year, C&EN has ac
cess only to preliminary reports of 
production for 1991. When the gov
ernment and trade associations issue 
their final reports, the outcome can 
be changed, sometimes dramatically. 
As a result, the production figures for 

earlier years that appear in the table 
on page 17 are different in some cas
es mm those published in last year's 
Top 50 article. The final reports also 
can affect the rankings of chemicals. 
For the table on page 17, the 1990 
ranking of 20 chemicals is different 
from last year's listing (C&EN, April 
8,1991, page 14). 

The list itself covers production 
figures for the U.S. and includes 
chemicals produced for export. Can
didates for the list include all basic, 
intermediate, and chemically homo
geneous finished products. These 
range from chemical building blocks 
like ethylene and propylene to down
stream products like vinyl acetate 
and ethylene glycol. 

The roster includes basic inorganic 
chemicals, but does not include what 
C&EN considers to be minerals, such 
as salt, gypsum, and sulfur. Lime is in
cluded because it is processed and has 
many chemical and industrial applica
tions. Refractory (dead burned) dolo
mite is excluded in lime production. 

On the organics list, such petro
chemical feedstocks as ethane, bu
tane, and propane are excluded arbi
trarily because they are considered to 
be products of oil companies and be
cause they have many nonchemical 
uses. 

There are other gray areas besides 
lime and petrochemical feedstocks. 
For example, the basic aromatics— 
benzene, toluene, and xylene—are 
included. 

Production figures are published 
by the government in a variety of 
units—pounds, tons, cubic feet, gal
lons, metric tons, and most recently, 
kilograms and liters. Where the latter 
two units are used, they have been 
converted, where appropriate, into 
the common units that the govern
ment and industry have historically 
used as points of reference. To pro
vide an accurate ranking and to make 
comparison of production volumes 
easier, C&EN lists production not 
only in common units, but also by 
weight in pounds. 



Top 50 chemicals production totaled about 633 billion lb last year 
Rank BHIIona o( lb Common unJla* Average annual change 

1991 1990* 1991 1M0 1991 1990 1990-91 1989-90 198S-91 1981-91 

1 1 Sulfuric acid 86.62 88.09 43,30811 44,0440 -1.7®/o 1.7% 3.8®/. 0.6®/o 
2 2 Nitrogen 57.03 56.23 787 bd 776 bcf 1.4 4.3 3.2 4.9 
3 4 Ethylene 39.23 36.47 39531 mp 36,473 mp 7.6 4.2 3.6 2.9 
4 3 Oxygen 38.99 40.48 471 bcf 489 bcf -3.7 8.2 3.4 0.9 
5 6 Ammonia 34.04 33.59 17,02011 16,7960 1.3 2.0 4.0 -1.1 

6 5 Lime® 33.60 34.90 16,800 It 17,4520 -3.7 1.6 3.0 -1.1 
7 7 Phosphoric acid 24.68 24.07 12,342tt 12,0340 2.6 2.5 6.0 2.2 
8 8 Sodium hydroxide 24.39 24.06 12,19711 12,0300 1.4 4,9 2.7 1.6 
9 9 Chlorine 22.65 23.62 11,324tt 11,8100 -4.1 3.5 1.6 0.5 

10 10 Propylene 22.02 21.85 22,024 mp 21,849mp 0.8 6.2 5.9 5.0 

11 11 Sodium carbonate" 20.50 20.18 10,24911 10,0900 1.6 1.8 4.0 2.2 
12 12 Urea® 16.14 16.24 8,07211 8,1200 -0.6 1.4 6.0 0 
13 13 Nitric acid 15.05 16.00 7,52411 7,9990 -5.9 -4.2 2.8 -1.9 
14 14 Ammonium nitrate' 14.62 14.16 7.31011 7,0810 3.2 -10.0 5.6 -1.9 
15 15 Ethylene dichioride 13.92 13.85 13,922 mp 13,852 mp 0.5 3.5 1.5 3.4 

16 16 Benzene 11.78 12.45 1,600mg 1,690mg -5.3 4.2 3.3 2.0 
17 17 Vinyl chloride 11.70 10.63 11.695mp 10,626 mp 10.1 4.8 6.7 5.5 
18 18 Carbon dioxide" 9.76 10.37 4,88211 5,1860 -5.9 -2.9 0 2.6 
19 19 fitethyl tert-butyl ether 9.60 8.89 9,600mp 8,886nrp 8.0 8.0 23.3 28.9 
20 20 Ethylbenzene 952 8.37 9521 mp 8,370 trp 10.2 -9.4 0.4 1.7 

21 22 Styrene 9.01 8.02 9,005mp 8,017np 153 -3.9 2.7 3.0 
22 21 Methanol 8.65 8.35 8,655mp 8,346np 3.7 2.2 3.7 0.1 
23 23 Terephthallc add" 7.66 7.77 7,656 mp 7,775np . -1.5 -7.8 -0.1 2.1 
24 25 Toiuene" 6.80 6.21 937 mg 856 mg 9.5 6.9 8.9 1.0 
25 24 Fonnaidehyde' 6.43 6.72 6,425 mp 6,721 mp -4.4 14.0 3.0 1.2 

26 26 Xylene 6.13 651 . 851 mg 862 mg -1.3 -4.5 6.4 -0.3 
27 27 H^rochioric add 5.60 6.03 2,79911 3,0130 -7.1 -7.8 35 0.8 
28 29 p-Xytene 5.43 5.20 5,433 mp 5502 np 4.5 -2.7 1.5 1.8 
2^ 28: Ethylene oxide | 5.24 5.36 5,243mpk 5,356np -2.1 1 6.4 -0.7 0.2 
30 31 Ethylene glycd 4.93 5.07 4,930 mp 5.072 mp -2.8 -7.1 0.7 1.8 

31 30 Ammonium sulfate 4.46 5.08 2,2300 2,5390 -125 6.5 15 05 
32 32 Cumene ,:it Ai. 458 451 ;4584mp 4511 mp -0.6 -2.6 2.7 28 
33 33 Potaahf 3.90 3.78 1,7701ml 1,713lmt 3.3 7.4 8.0 -28 
34 34 Acetic add ' 3.61 a75. 3,612 mp 3,751 mp -3.7 13.9 58 1.6 

36| Propytawoxide | ' 3.60 350 aeoompi 3500 mp 12.5,1 0 7.7 6.9 

36 35 PhenoT 3.49 3.54 3,486 mp 3,539mp -1.5 -7.0 28 3.1 
37 37 Butadtene®" 2.91 3.09 5913 mp 3,069 np -5.7 -1.1 2.7 -05 
38 38 CartMn black 2.72 587 2,723 rrp 2,868 mp -5.1 -1.5 1.0 0 
39 39 Acrylonltrfle 2.65 2.68 2,648mp 5677mp -1.1 13.2 3.9 2.9 
39 40 Vinylacetate 2.65 2.66 2,646mp 2,659np -0.5 45 9.1 35 

41 42 Aluminum suNate 2.36 2.45 1,1800 15270 -3.8 -1.3 -0.7 -0.9 
42 41 Cydohexane 251 2.46 2509mp 2,461 np -6.2 8.3 25 2.4 
43 44 THanhim dioxide 2.19 2.15 1,0930 15770 1.5 -25 3.4 3.7 
44 43 Acetone 2.13 2.33 5130 mp 2531 mp -8.6 -7.7 18 -0.1 
45 45 Sodium sHicala 1.79 1.76 8940 8800 1.6 5.6 2.5 1.5 

46 46 Adpicadd 156 1.62 1,560mp 1,620np -57 -1.2 05 15 
47 47 Sodium sulfete" 154 157 7680 7860 -2.3 4.1 -05 -3.6 
48 48 bopropyi alcohol 1.30 158 1,297mp 1,380np -6.1 -6.4 -0.1 -2.5 
49 50 Caidum chloride® 159 1.38 6440 6900 -6.7 -13.9 -3.8 -3.5 
50 49 Caproiactam 158 1.38 1,283 mp 1,380 mp -7.0 5.5 3.0 3.3 
TOTAL ORGAK'I' "S -- "• ' T. 2 6' ." 2 1^- 2- c 

a ^vtsed b tt = rx)usarxJ5 o' tons bd = xt>c 'ee* mp = mlltons c* oouncs mg = o* 2a: c-s tmt ^ c' "etnc :o<-s c Excec: -e'-actory oco^-te d 3.-C 5.T-*:-: e * : 
oas-s i Ongma-g wC-carc sc-c or:, h nc-oes aocanceste' ATO.- 2c-Dr i .A, g-ao^s j y-co, k ^_C I S.-ret.c m =<-,ooe- caci n ^-c" a*: :A Z-.':, 
0 '5S oasiS sc-c 3'y: •'Quic 
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Top 50 chemicals production unchanged in 1991 
Billions of lb % annual change 
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unemployment levels. According to the 
Department of Labor, seasonally ad
justed unemployment levels rose dur
ing 1991. However, other government 
data indicate prospects for a recovery. 
For instance, housing starts began to 
swing upward in 1991 from their de
press level of 1990, according to the 
Department of Commerce. 

Other measures of the economy also 
show evidence of new vigor. The Fed
eral Reserve reports that seasonally ad
justed auto and light truck production 
rose 12% between the fourth quarter of 
1990 and the fourth quarter of 1991. 
(However, production of all transporta
tion equipment declined 2% between 
1990 and 1991.) Textile mill production 
increased 6%, and paper and paper 
products were up 2% during the same 
period, according to the Federal Re
serve. All of these are big markets for 
chemicals. 

Although these industries are all cus
tomers of Top 50 products, shipments 
still lag. Chemical and allied products 
shipments were down about 1% be
tween December 1990 and December 
1991, according to the Commerce De
partment. Meanwhile, chemical pro
ducers' inventories increased about 2%. 
So while the chemical industry has 
kept up production to meet an antici
pated recovery in demand, the com-
mtKiitv chemicals business has not re-
coxered enough to take advantage of 
those inventories. 

A broad segment of industry econcv-
mists bciiexe chi.mica] expv'rts were a 
maior factor in the growth of commcxi-

ity chemicals production in 1990. U.S. 
exports of all chemicals rose 7% to 38.9 
billion lb in 1990 from their 1989 level, 
according to the Commerce Depart
ment. But despite an estimate by the 
Chemical Manufacturers Association 
(CMA) that sets U.S. chemical exports 
at $44 billion for 1991, production re
corded in 1991 for the Top 50 chemicals 
hardly changed from the previous 
year. If CMA's estimate proves sound, 
then exports probably kept 1991 from 
becoming a year in which commodity 
volumes declined significantly. 

Among the largest volume chemicals 
produced in the U.S., sulfuric acid re
mains at the top with total production 
of 86.6 billion lb, down near y 2% from 
1990. The decline follows an approxi
mate 2% rise from the previous year. 
For 1991, nitrogen continues to rank a 
distant number two, with production 
at 57 billion lb, up slightly more than 
1% from 1990. Nitrogen's rate of 
growth slowed from 1^ when pro
duction rose a little more than 4% com
pared with 1989. 

Of the Top 50, the 29 organic chemi
cals accounted for some 36% of total 
production, compared with almost 35% 
in 1990. The combined organics pro
duction increased nearly 3% in 1991 
from the previous year, after a 2% rise 
in 1990. CK'er the five-year period 1986-
91, combined production of organic 
chemicals among the Top 50 increased 
an axerage of a little oxer 4% a vear. 
Historically, though, their output has 
grown at a slower pace. Between T'Sl 
and IWl, combined output of organic 

chemicals among the Top 50 grew at a 
compound annual rate of almost 3% a 
year. 

While organic chemical production 
continued to groxx' in 1991, inorganic 
chemical production declined com
pared with the previous year. Com
bined output of inorganics on the list 
declined a bit more than 1% from the 
previous year, following a 2% rise in 
1990. Ox'er the five-year period from 
1986-91, combined production of inor
ganic chemicals grew at an average an
nual rate of 3% a year. Like theorganics 
group, inorganics production histori
cally has grown at a slow pace; less 
than 1% between 1981 and 1991. 

For organic chemicals, 11 of the 29 
on the Top 50 list posted production 
increases. Organic chemical growth iii 
1991 was led by propyleie oxide, pib^ 
duction of which rose nearly 13% frop* 
1990 to an estimated 3.6 billion lb.< As a 
result, propylene oxide producti^ 
moved to 35th place on the 1991 Ijft 
from 36th place in 1990.^tyrene pro
duction also grew at a double-digit 
pace, up 12% in 1991 to 9 billion lb. 
Styrene's strong growth moved it to 
21st place on the Top 50 list from 22nd 
place in the previous year. Ethylben-
zene production increased slightly 
more than 10% from 1990 to 9.2 billion 
lb, but its 1991 rank was the same as in 
1990: It continues to hold 20th place. 
Vinyl chloride production also grexv 
10% in 1991 to 11.7 billion lb, and occu
pies the same position (17th) on the list 
in 1991 as in 1990. 

None of the organic chemicals regis-
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tercd double-digit declines in produc
tion in 1991. However, the organic 
chemical registering the biggest drop 
last year was acetone, down 9% to 2.1 
billion lb. The decrease moved it to 
44th place from 43rd in 1990. Caprolac-
tam output fell 7% to 1.3 billion lb in 
1991, slipping the chemical from 49th 
place in 1990 to 50th in 1991. 

For inorganic chemicals, 10 of the 21 
on the Top 50 list posted production 
increases, led by fertilizer materials 
potash, ammonium nitrate, and phos
phoric acid, each with approximately a 
3% increase in 1991. Potash production 
rose to 3.9 billion lb. Its position on the 
Top 50 in 1991, however, at 33rd was 
unchanged from the previous year. 
Ammonium nitrate production rose to 
14.6 billion lb and output of phosphoric 

acid increased to 24.7 billion lb. \either 
advanced on the list—ammonium ni
trate remained in 14th place, and phos
phoric acid remained seventh. 

Three inorganic chemicals had pro
duction increases of around 2%: sodi
um silicate, sodium carbonate, and tita
nium dioxide. Scxiium silicate output 
increased to 1.8 billion lb and stayed in 
45th place in 1991. Sodium cartenate 
production rose to 20.5 billion lb, giv
ing it the same position, 11th, among 
the Top 50 in 1991 as it held in 1990. 
Titanium dioxide production rose to 
2.2 billion lb, moving it up to 43rd 
place in 1991 from 44th the previous 
year. 

Half of the inorganics on the Top 50 
list recorded production declines in 
1991 compared with 1990. Taking the 

biggest fall was ammonium sulfate, 
production of which dropped a little 
over 12'f to 4.5 billion lb. The decline 
slipped it to 31st on the list, down from 
30th in 1990. Two inorganics experi
enced about a 79c drop in production 
in 1991: hydrochloric acid and calcium 
chloride. Hydrochloric acid production 
was 5.6 billion lb in 1991, but its posi
tion on the list, 27th, remained the 
same as in 1990. Calcium chloride pro
duction dropped to 1.3 billion lb in 
1991, but it moved up a notch in the 
listing to 49th place in 1991 from 50th 
in 1990—only because caprolactam 
registered a bigger decline. Carbon 
black and carbon dioxide both saw 
production declines of 6% in 1990. Out
put fell to 2.7 billion and 9.8 billion lb, 
respectively. • 

Plastics, synthetic fibers output rise 
Overall U.S. production of commercial 
polymers, including plastics, synthetic 
fibers, and synthetic rubber, edged up 
a little over 1% in 1991 compart with 
1990. As a result, production reached a 
new high last year: 62.8 billion lb. 
However, growth was not so strong as 
in 1990 when polymer output rose 5% 
over the previous year and totaled 62 
billion lb. 

Plastics production, which accounts 
for more than three quarters of the 
jolymer category's production total, 
ed polymer growth in 1991 with a rise 

of nearly 29o to 49 billion lb. Synthetic 
fibers showed a production increase of 

less than 1% to almost 9 billion lb, and 
synthetic rubber output declined 
slightly more than 4% to just under 5 
billion lb. 

Production of thermoplastic resins 
grew a bit more than 3% to 43.3 billion 
lb in 1991 compared with 1990, follow
ing nearly 9% growth in 1990. Thermo
setting resins production, however, 
droppi^ nearly 7% in 1991 to about 6 
billion lb. This came after a decline of 
less than 1% in 1990. 

Among the thermoplastics, high-
density polyethylene production grew at 
an annual rate of almost 11% in 1991; it 
increased only 3% in 1990. Low-density 

polyethylene turned in the next best per
formance in 1991, with output up almost 
4%, compared with a spectacular 15% 
rise in 1990. Production of polyvinyl 
chloride and copolymers rose slightly to 
just under 1% compared with a 7% in
crease in 1990. Polypropylene produc
tion hardly increased at all in 1991, com
pared vNith its 15% increase in 1990. For 
the second year in a row, polystyrene 
was the only thermoplastic to register a 
prcxduction decline, down slightly more 
than 1% in 1991 and nearly 2% in 1990. 

In the thermosetting resins category, 
only unmodified epoxies recorded an 
inaease in production, up more than 
6% in 1991 following a 2% decline in 
1990. Output of every other thermoset-

Plastlcs and synthetic fibers output rose, but synthetic rubber output declined in 1991 
Billions of lb 
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Total polymer production approached 63 billion lb in 1991 
BUIIon* ol lb Common units Average annual growth 

1891 1M0 1991 1990 1986 1981 1990-91 1989-90 1988-91 1981-91 

PI ASTin.t; rrnmmnn units = millions of lb) 
Thermosetting resins" 5.94 6.36 5,943 6,364 5,834 5,010 -6.6% -0.6% 0.4% 1.7% 

Phenoi and other tar acid resins 2.66 2,95 2,658 2,946 2,721 2,333 -9.8 2.3 -0.5 1,3 
Urea resins 1.48 1,50 1,483 1,496 1,271 1,165 -0.9 1,4 3.1 2.4 
Polyesters (unsaturated) 1.08 1.22 1,075 1,221 1,271 997 -12.0 -7,4 -3.3 0.8 
Epoxles {unmodified) 0.53 0.50 531 499 398 336 6.4 -2,0 5,9 4,7 
Melamine resins 0.20 0.20 196 202 173 179 -3.0 -9.0 2,5 0,9 

Ttiermopiastic resins" 43d!6 41.91 43,255 41,912 33,569 25,671 3.2% 8.5% 5.2% 5.4% 
Low-density polyethyiene 11.58 11.15 11,580 11,148 8,888 7,693 3.9 15.0 5,4 4.2 
PVC and copolymers 9.17 9.10 9,168 9,096 7,256 5,707 0,8 7.3 4,8 4.9 
High-density polyethylene 9.22 8.34 9,216 8,337 7,171 4,695 10.5 2.9 5,1 7,0 
Polystyrene" 4.96 5.02 4,956 5,021 4,442 3,621 -1.3 -1.6 2,2 3,2 
Polypropylene 8.34 8.31 8,335 8,310 5,812 3,955 0.3 14,8 7,5 7,7 

TOTAL" 49.20 48.28 49,198 48,276 39,403 30,681 1.9% 7.2% 4.5% 4.8% 

SYNTHETIC FIBERS (common units = millions of lb) 
Celluloslcs" 0.49 0.51 486 505 619 770 -3.8% -12.9% -4.7% -4.5% 

Rayon"= 0.27 0.30 273 299 404 509 -8,7 -17.6 -7.5 -6,0 
Acetate" 0.21 0.21 213 206 215 261 3.4 -5.1 -0.2 -2,0 

Noncellulosics" 8.27 8.19 8,266 8,185 7,828 7,985 1.0% -3.9% 1.1% 0.3% 
Polyester 3,41 3.20 3,410 3,195 3,305 4,176 6.7 -11,1 0.6 -2.0 
Nylon" 2.54 2.66 2,537 2,662 2.514 2,333 -4.7 -2.8 0.2 0.8 
Olefin' 1.87 1.82 1,865 1,822 1,393 785 2.4 11.2 6.0 9.0 
Acrylic' 0.45 0.51 454 506 616 691 -10.3 -6.8 -5.9 -4.1 

TOTAL" 8.75 8.69 8,752 8,690 8,447 8,755 0.7% -4.5% 0.7% 0 % 

SYNTHETIC RUBBER (common units = thousands of metric Ions) 
Styrene-butadiene" 1.86 1,88 843 853 792 1,032 -1.2 -2.4 1,3 -2.0 
Polytxjtadiene 0.92 0.91 415 412 336 342 0.7 0.2 4,3 2.0 
Ethylene-propylene 0,51 0,59 232 266 230 178 -12.8 2.3 0.2 2,7 
Nitrile 0.13 0.12 57 56 59 66 1.8 -18.8 -0.7 -1,5 
Other' 1.47 1,60 668 725 596 404 -7.9 11.9 2,3 5.2 

TOTAL" 4.88 5.10 2,215 2,312 2,013 2,022 -4.2% 2.2% 1.9% 0.9% 

GRAND TOTAL 62,83 62.06 1.2% 5.0% 3.7% 3.7% 

I No longar includes acrylonitrile-butadiene-styrsno, cr styrene acrylonitnle resinsi historical data are reslatad b Totals are lor those products listed and may not add because ct 
rounding c Includes acetate tow beginning with 1985. d Includes diacetate and triacetate yam, but does not indude cigarette tow Be^nmng with 1985, includes rayon yam. a Excludes 
aramid altar 1982. f Includes olefin Urn, olefin ISier, spurt-bonded polypropylene, and vinyon. g Includes modacrylic. h Includes high styrene latex. I Beginning vrith 1985. includes 
neoptene; historical data are restated. Also includes butyli polyisoprene; chlorosutfonated polyethylene; polyisobulylene; and acrylo, ftuoro, and silicone elastomers. Sources: Society of 
the Plastics Industry, Tiber Economics Bureau, Rubber Manufacturers Association, International Institute of Synthetic Rubber Producers 

ting resin—unsaturated polyesters, 
phenol and other tar add resins, urea 
resins, and melamine resins—fell in 
1991. They were down 12%, 10%, 1%, 
and 3%, respectively. In 1990, unsatur
ated polyester production declined 7%, 
phenol and other tar acid resins in
creased 2%, urea resins rose 1%, and 
melamine resins fell 9%. 

Synthetic fibers output made a mar
ginal recovery in 1991 from 1990, reach
ing 8.75 billion lb. Synthetic fibers regis
tered an almost 1% production rise, 
shaking off the severe impact the reces
sion had in 1990 when their production 
dropped 5%. Production of cellulosic fi
bers continued to slip in 1991, but the 
nearlv 4^"' decline for the group was not 

so severe as the almost 13% drop the 
previous year. Noncellulosics produc
tion rose 1%, and polyester led the 
group with a nearly 7% production rise 
in 1991 following a 11% drop in 1990. 

Production of synthetic rubber de
creased 4% to less than 5 billion lb in 
1991 compared with 1990, according to 
the International Irrstitute of Synthetic 
Rubber Producers (IISRP), Houston. 
Synthetic rubber data from 1989 and pri
or years came from the Rubber Manu
facturers Association (RMA), Washing
ton, D,C. R.MA discontinued its annual 
report of svmthetic rubber prcduction in 
1940, An RMA spokesman savs the gov
ernment discontinuiM its re^xtrt of s\'n-
thetic rubber production, and without it 

RMA has no reliable source against 
which to check its own data. Only DSRP 
felt confident enough to release U.S. pro
duction data gleaned from its own 
membership survey. 

According to IISRP data, nitrile rub
ber and polybutadiene were the only 
synthetic rubbers to show any growth 
last year, with nitrile rubber output up 
almost 2% and polybutadiene up less 
than 1%. All others registered declines 
in production, with output of ethylene-
propylt-ne falling the most, 13^1, in 
1991 compared with 1990, Production 
of a .croup of miscellaneous polymers, 
including neoprene, butvl, and polviso-
preiu declintxi ne.irh' So in 1^1. 

M.m Rci-c/i 




